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INTRODUCTION 

Bruce S. Yare and . A s s o c i a t e s , I n c . v;ere r e t a i n e d by S t a u f f e r 

Cheiriical Corrpaxiy t o d e f i j i e h y d r o g e o l o g i c coi"!ditior:S arou.iid a c l o s e d 

d i s p o s a l a r e a a t t h e C h i c a g o H e i g ' n t s , I l l i n o i s p l a n t ( F i g u r e 1 ) . 

From J a n u a r y 8 t o 16 , 1 9 8 1 , f o u r TTioniroring x^el ls v.-ere 

i n s t a l l e d t o i n c r e a s e t h e a r e a l e x t e n t of uhe e x i s t i n g m o u i i t o r i n g 

v.-ell net- .vork. The f i v e - i n c h diaTT.eter w e l l s v^ere c o n s t r u c t e d by 

d r i l l i.ng 25 t o 30 f e e t t o b e d r o c k v.n'Jih a h y d r a u l i c r o t a r y r i g . 

D i i l l i n g iTiud v:as made v ; i th b e n t o n i t e and r ^ j n i c i p a l v / a t e r . A t o u r -

f o o t l o n g , s l o t t e d FVC v.vell s c r e e n v.̂ as a t t a ch i ed t o s t e e l c a s i n g , 

s e t i n t]-:e b o t t o m of t h e b o r e h o l e and b a c k f i l l e d v^irb nea 9 . r ave l . 

a n n u l u s v.-as f i l l e d v.-'ith n e a t cemen.t s r o u t . VJell 

ue vfc J. 1,1 u ment v.-̂ as l imol ted t o ••s.nort p e r i o d o t a i r a g i t a t i o n w i t n 

'-: s c o m n r e s s o r . 

' orm.a ^ i o n ne m o n i t o r i n s , vre i i r^ , u 1 CL nc u r o u i i c -

i::;on v : e i i s . n u D i i s n e d a L u r e a n o 

n i t s a n a a r f ] ov; s'/ s t e m 

" .'1 e s 1 L a . 
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G l a c i a l D r i f t 

GROUND-VJATER OCCURENCE 

A l l o f n o r t h e r n I l l i n o i s i s b l a n k e t e d ' .v i th u n c o n s o l i d a t e d 

s e d i m e n t s d e p o s i t e d ' by o r i n f r o n t o f t h e n u ; ; i e r o u s i c e S i i e e t s 

•xh ich o n c e c o v e r e d t h e r e g i o n . T h e s e s e d i m e n t s , c o l l e c t i - v e l y 

c a l l e d g l a c i a l d r i f t , c o n s i s t o f t i l l , outv.x-xsh a n d g l a c i a l l a k e 

c l a y s . T i l l s axid g l a c i a l l a k e c l a y s a r e f i n e - g r a i n e d , lo--.' p e r -

m . e a b i l i t y s e d i m e n t s . O u t v r a s h d e p o s i t s , c o m p o s e d o f s a n d and 

v j . r ave l , a r e o f t e n i m p o r t a n t a q - u i f e r s ( T a b L e 1 ) . 

2,1' C'-un u I'lOr a 1 i!( 

S u r f i c i a l s e d i m e n t s i n t h e v i c i n i t y of t h e p l a n t c o i ' ^ s i s t oi 

;nd l a k e p l a i n ( V J i l l m a n , 1 9 7 1 ) . G r o u n d r . o r a i n e 

t h a n i c e s h e e t a n d a l a k e - p l a i n i s a 

11 s i i r f a c e e r o d e d r l a t b y c l ; : ; c i a l l a k e '.:a'se a c t i o n . 

s t i l l d o - o o s i t e d b e n e a 

. o a a ] . l v - e : - ; t e n s i - v e • o u t \ - : a s h d e n o s i t s ' ^ n d . M l i e 

: t: a U J_ I ± u V u - u L. ;•; e 7:15 sano an; 

-•^ ' - X J. e; t : u L J . u L • . . - . . . . . • : . • I , U :.-

e i c e "ll (7 s 1 L i s 

r s. .•- '•"• o ~ '"X n s x.^ara 

t h e n o r t h e a s t ( P r i c k e t t a n d o t h e r s , I 'v&A). S o i l b o r i n g s i n d i c a t e 

t l i c s e d e p o s i t s r a n g e f rom l e s s t h a n t h r e e t o m o r e t h a n t".vpnty 

f e e t i n th i ck - i - i e s s b e n e a t h t h e p l a n t (A .ppend ix A . l ) . 

"ne en. t i jxe d r i f t s e q u e n c e r e c h a r g e s t h e - u n d e ' r l y i n g d o l o m i t e ' 

•r a t a r a t e o f a;: p x c x i - n a t e l y 300 , 0 0 0 ' g p d / s o m i ^ g a i l o n s p e r 
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5 

day per sq-oare m i l e ) . Hov.-ever, the 'riydraulic co-.-ii'iection be'LV.-een 

the tv.-'o units aopears limited because v.'ater levels in the 9,lacial 
i l l CI> 

drift do not usually coincide with the potent:ometric surface in 

tl'ie dolomite aquifer (Prickett and others, 19o''0 • 

Si. 1 urian Dolomi te Aquif er 

A S i l ' u r i a n - a g e d o l o m i t e f o r x i a t i o n o c c - u r s b e n e a t h t h e d r i f t 

d e p o s i t s c c ' v e r i n g t h e s i t e ( T a b l e 1 ) . T h i s d o l O ' T i i t e , ap-proxi ina t e l y 

/ • n 00 f e e t t h i c k i s a re ' .^i o n a l l y - i m p o r c a n u aq i.j i. f e r t a -p p e d b y m a n y 

h i g h - c a p a c i t y m / u n i c i p a l a n d i n d u s t r i a l v . -e l l s ( F i g u r e 1 ) . I ] i d i -

-v id i i a l v.-ell - v i e l d s o f o v e r 1 0 0 0 gpm ( g a l l o n s p e r m i n . u t e ) a r e n o t 

uncommon. Gro i rnd v : a t e r o c c u r s m o s t l y u n d e r c o n f i : - : e d , l e a k y 

a r t e s i a n c o n d i t i o n s b u t t h e r e a r e some a r e a s of v ; a t e r t a b l e ( u n -

c o n f i n e d ) c o n d i t i o n s . I n t h e C h i c a g o H e i g h t s a r e a , l e a k y a r t e s i a n 

c o n d i t i o n s ' p ' r e ' v a i l e x c e p t v.-here h e a v y p u m p i n g h a s dev.-^atered t]-.-e 

'u-one'r - c - o r t i o n o f t h e a o u i f e r ( F i g u ' r e 2 ) . 

1.1 
ivaucr i eve is in z n e ooiomiLe aqij-

:o recxarce 

.y reta 

prac iDi ta i. ion 

ucvrn"... aiu J,:0-.̂ e7.an u OJ 

or 

a rapid response 

cial sediiients and/ 

Lcr iX:'v;arG v.ne. main 

ducins, xones. Estimates of the aquiter recharxe rate ranee iro: 

I777OOO to 225,000 gpd/sq mi (McDonald and Sasman, 1955; 

a n d o t fi e r s , 19 o -̂  ) . 

(7al]cns s p 'ri r 

Q'uifer tra7ism.issi-vity at the plant is 21,700 -ppd/ft 

.:.y per foot) and ranges from 2,000 1:0 Ô. , 000 7x0/ft 
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( F r o m P r i c k e t t a n d o t h e r s , 1 9 6 4 ) 

V/ATER L E V E L E L E V A T I O N 1 .\ T H E S H . l i F j l A M n n i O V, IT F 

A Q U I F E R , 1 9 6 6 . ( F r o m M c D o n - a l d a n d S a s m a n , 1 9 6 6 ) 

FIGURE 2 . 
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( T a b l e 2 ) . The l o n g - t e r m g r a v i t y y i e l d of t h e a q u i f e r i s 0 . 0 3 . 

In t h e p a s t , t h e C h i c a g o l i e i g h t s p l a n t r e l i e d m a i n l y on t h e 

sliallo-.v d o l o m i t e a q u i f e r t o rrieet i t s vvater s-upply n e e d s (Append ix 

A. 2 ) . W i t h d r a v ; a l s from t h e p l a n t p r o d u c t i o n v.-ells had a n o t i c e a b l e 

imioact on t h e r e g i o n a l ero-und-vxa t e r flovj s v s t e m . In 1966 , t h i s 

-pujT:page p ' roduced a l a ' r ge cone of d e p r e s s i o n a t t h e p l a n t (Fig-ure 2 ) . 

Ti'ie r e g i o n a l flov.f s y s t e m v.'as c o n t r o l l e d by v.n". t h d r av.-a I s from t h e 

I n l a n d S t e e l and C h i c a g o H e i g h t s H ' u n i c i p a l "v.-ell f i e l d s l o c a t e d 

southv. 'cs t of t h e p l a n t . 

C - u r r e n t l y , PIJ-IO i s t h e o n l y p l a n t p r o d u c t i o n v.-;ell -using t h e 

dolom. i te . a q u i f e r a s a vxats r s-u-pply s o u r c e . Recen t v.xa t e r - l e v e l 

maps f o r t h e do lom. i te a q u i f e r a r e n o t a v a i l a b l e , so t h e p r e s e n t 

e f f e c t s of v;ithd'rav.-'als f rom PV:-10 a r e n o t kno'v-.Ti. 

Ca.m;bro-Ordovician A q u i f e r 

The Cayf ibro-Ordovic ian a q u i f e r i s n o t a m a s s i v e v r g t e r - b e a r i n ^ 

u n i t b'ut- r a t h e r c o n s i s t s of a s e r i e s of i n t e r b e d d e d lov . ' - y i e ld 

d o l o m i t e f o r m a t i o n s and h i g h - - y i e l d s a n d s t o n e s . R e g i o n a l l y , t h e 

a q u i f e r i s v e r y h e a v i l y d e v e l o p e d vm. th l a r g e - s c a l e v : a t e r s u o p l i e s 

o b t a i n e d from t h e I r o n t o n - G a l e s v i l l e Saiidst07':.e aiid t h e Glenv.-ood-

S t . P e t e r S a n d s t o n e ( T a b l e 1 ) . I t i s n o t e x t e n s i v e l y u s e d i n t h e 

Ch icago H e i g h t s a r e a (Sasman , 1 9 7 7 ) , and P\-,"'-2 i s t h e o n l y p l a n t 

p r o d u c t i o n v ;e l l t a p p i n g t h e Ca-mbro-Ordo'vician a q u i f e ' r ( .appendix .A. 3) 

Aqui . fer t r a r T s m i s s i v i t y i n a m u n i c i p a l v e i l l ear i:]-;e n l a n i 
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T a b l e 2 . S i l u r i a n D o l o ' m i t e . A q u i f e r ' - l y d r a u l i c C l i a r a c t e r i s t i c s , 
S t a u f f e r C h e i . n i c a l C o m p a n y , C h i c a g o H e i g h t s , I l l i n o i s 
( D a t a f rom P r i c k e t t a n d o t l ' i e r s , 1 9 6 4 . ) 

Veil 

D a t e 
o f 

Te s t 

S t a t i c 
VJa te r 
L e v e l 

(feet) 

Discharge 
Rate 

Adjusted 
Specific 
Capacity 

(gpî /ft) 

T r a n. s'-. ri i s_s i v i t y 

(g?d/ft) 

? ' d - l 

PVJ-3 

PVJ-4 

PVJ-5 

PVJ-6 • 

P;A-7 

PVJ-S 

pm_9 

PW-10 

1 9 2 1 

1 9 4 6 

1 9 4 1 

1 9 4 7 

1 9 5 6 

1 9 5 5 

1 9 5 5 

1 9 5 5 

No D a t a 

1 9 5 6 

35 

36 

37 

52 

49 

102 

110 

97 

' -

95 

340 

350 

130 

350 

520 

70 

130 

250 

500 

.5.90 

4. 50 

1.05 

11. 50 

17. 35 

5.38 

2. 17 

20. 80 

20.50 

12,000 

9,000 

2,000 

23,000 

34,700 

11,000 

^1,000 

41,000 

PV^-2 v r h i c h t a p s t h e C a n i b r c - O r d o v i c i a n a> 
i n 1 9 4 2 . At a d i s c h a r g e o f 630 g a l l o n s 
. s p e c i f i c c a p a c i t y IS r e p o ' r t e d a s 5 . 3 gp'm/ 

r e r V7as t e ; 
; r vn 1 n VJ t e t ^ 
r t . 
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1,600 gpd/ft. The average regional storage coefficient is 0.00035 

for short time periods and 0.0006 for periods of several years or 

miore (Suter and others, 1959). 

A thick confining bed, the Maquoketa Shale, separates the 

Caxibro-Ordovician aq-uifer from the overlying Silurian dolomite 

aquifer. The lo-v7 ve'rtical permeability of the shale (0.00005 

- 2 

g p d / r t ) l i m i t s b u t d o e s n o t p ' r e v e n t t h e do-.-.'n-v;ard movemient of 

v,-ater u n d e r n a t - o r a l and pu r r ip ing - induced g r a d i e n t s . Under a head 

d i f f e r e n t i a l of s e v e r a l n-undred f e e t , t h e Camibro-Ordovic ian 

aq -u i fe r r e c e i v e s 1500 g p d / s q mi of r e c h a r g e from t h e o ' v e r l y i n g 

do lom. i te a q u i f e r ( P r i c k e t t and o t h e r s , 1 9 6 4 ) . 
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CROOND-V.l-\TER FLOV? SYSTEM 

V.'ater l e v e l s i n t h e p l a n t m o n i t o r i n g and p r o d u c t i o n v . - e l l s 

v.-ere m i c a s u r e d s e v e r a l t i m e s d u r i n g May and A u g u s t , 1 9 8 1 (.-.-ppen-

d i x B) . A v . - a t e r - l e v e l e l e v a t i o n -map vxas c o m p i l e d u s i n g m i e a s u r e -

iTiencs znaae LL om May 18 t o 2 1 , 1 9 8 1 ( F i g u r e 3 ) . On t h e •K 
asis Ol. 

this map, the ground-v.-̂ ater flo'̂ v̂  direction in the glacial drift 

aquifer is tov.'a'rd the so-uth and soutl-iv.rest. 

'ifie hydraulic gradient is -not •unifornn across the site, 

char.ginf? from 0.00048 north of the disnosal area to 0.0076 so-uth 

of it. Ass-aming a horizontal -pe'rmeability of 25 ft/day (feet pei 

day) for fine, silty sands and a porosity of 35 percent, the 

ground-v.-ater flo-v.' rate in the glacial drift aquifer is : 

n v.'he-re : V = v e l o c i t y , . f t / d a y 
K = p e r m i c a b i l i t y , f t / d a y 
I = g ' rou7id--x .a ter g - r a d i e n t 
n ~ f o r m i a t i c n n o r o s i t y 

i v o r t n A r e a 

V 

V 

= 25 f t / d a y ( 0 . 0 0 ^ S ) 

0 . 3 5 

- 0 . 3 f t / d a y 

= 110 f t / y e a r 

V = 25 f t / d a v ( 0 . 0 0 7 6 ) 

0 . 3 5 

V = 0 . 5 f t / d a y 

= 182 f t / y e a r 

t o 

li'ie ODserv.ed cn.anrje i n err 

i n i j . i.icnce o r \ v i L n u r a \ 

o - u n d - - x a t e r g r a d i e n t i s p r o b a b l y d-ije 

l i s f r om PVJ-10 o r some o t h e ; n e a r b y 
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puiMping c e n t e r . Puiuping from p r o d - u c t i o n v ;e l l P',v-2 s h o u l d n o t 

i n f l u e n c e v ; a t e r l e v e l s i n t h e g l a c i a l d r i f t b e c a u s e t h e s e s e d i -

iT;ents, a s v.iell a s t h e S i l u r i a n d o l o m i t e a q u i f e r , a're ca sed of f . 

i^ead d i f f e r e n c e s i n v.-ells t a p p i n g t h e g l a c i a l d r i f t a q u i f e r 

and t h e S i l u r i a n d o l o m i t e a q u i f e r i n d i c a t e t h e h y d r a u l i c c o n n e c 

t i o n betv.-^een t h e tv.'o v : a t e - r - b e a r i n g u n i t s may be l i m i t e d , ' J a t e r 

l e v e l s i n p r o d u c t i o n v.;ells PI7-3 and PVJ-9 a r e one t o t h r e e f e e t 

lo-.ver t h a n v.xater l e v e l s i n -nearby m o n i t c r i n g -wells ( F i g u r e 3) . 

11 

O t h e r e v i d e n c e of a l i m i t e d h y d r a u l i c c o n n e c t i o n i s t h e 

apna- ren t l a c k of drav.7dov7n i n t h e d ' r i f t ao -u i fe r d-ue t o p'um.nage 

f-rom t l ie d o l o m i t e a q u i f e r . In I 'ay 1 9 8 1 , p r o d u c t i o n v.-ell PV,''-10 

v?as pum-iping a t a r a t e of 118 g'pm and s i g n i f i c a n t drav.'dov.~ns v;ere 

obse-rved i n do lom. i te aq - a i f e r v j e l l s l o c a t e d 250 t o 400 f e e t ax^ay. 

A comiparable dra-iodov.Ti \vas n o t o b s e r v e d i n m^oni t o r i i i g -u'ell j'jAJ-ll 

t a p p i n g t h e d r i f t a q u i f e r ' 4 0 . 0 f e e t s o u t h e a s t of PV.''-10. ( F i g u r e 3 ) . 

From, t h e i n f o r m a t i o n a v a i l a b l e , i t a p p e a r s t h a t : 1) v.xLth-

drav.-.als from. .PVJ-10 do n o t s i g n i f i c a n t l y e f f e c t v.-ater l e v e l s and 

ground-v . -a te r flov.' p a t t e r n s in t h e g l a c i a l d r i f t a q u i f e r , 2) 

v:^ichdrav:a 1 s from p r o d u c t i o n v ;e l l ?V!'-2 do n o t s i ^ . n i f i c a n t l v e f f e c t 

v.-^ate-r l e v e l s i n t h e S i l u r i a n dolomi i te a q u i f e r and 3) flo'x in tb^e 

g l a c i a l d r i f t a q u i f e r i s n o t c o n t r o l l e d by pu.mpage from t h e 

p l a n t ' s v e i l s . 

R e s p e c t f u l l y Subm. i t t ed , 

Br-uce S. Yare and .-^.ssoci a t e s , Ii.'.c 

^ X,S.X_9.,. -O . .' aX'_n__ 

B r h c e ^ s T Y s r e , C?(d "f:'6'd"^2,6 
P r e s i d e n t 
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Appendix A.l. Rep-re sen ta tive Soil Borings, Stauffer Cl-i-emical 
Comipany, Chicago Heights, Illinois. (Borings 
done in 1976 and 1977 by VJalter H. Flood & Co., 
Hillside, Illinois. All measurements in feet 
belov; grade . ) 

BORING No. 2 (Location - 10+50N, 12A68E) 

Depth Description 

0.0 
0.5 
4.5 

15.0 
25.0 
28.5 

0. 5 
4.5 
15.0 
25. 0 
28.5 
38.5 

1 

GRAVEL 
CONCRETE 
CL.AY - bro'v.'n and gray, si ity 
CLAY and SILT - gray 
SA.ND - fine to medium, x'ith small to large gravel 
BEDROCK - -xeathered dolomiite 

CORING No. 6 (Location - 12A65N, 12^50E) 

De-pth 

0.0 - 6.5 
6.5 - 11.0 
11.0 - 30.0 
30.0 - 33.0 

Description 

FILL 
SILT - b'rcxnn and gray, cla-yê y 
SAND - fine to medii-m, bro\-7n 
BEDROCK - veatbered dolomite 

CORING No. 9 (Location - 16A15N, 12AS5E) 

Depth Description 

0.0 - 6.0 
6.0 - 15.5 
15.5 - 31.0 
31.0 - 31.5 

FILL 
SILT - broxTi and .̂rav, cl.a-ye-v 
S-'-'J'D - •f̂ if"-e '-'-•:"aV 
B E D R O C K - a r a v dolorr^ite 

BORING NO. 10 (Location - loAOON, llA^OE) 

Denth 

0 . 0 - 5.0 
5.0 - 6.0 
6 . 0 - 20.0 

20.0 - 23.0 
2 3.0 - 30.0 
30.0 - 33.0 
33.0 - 35.0 

Description 

FILL 
CLAY LOAi^ - black 
CLAY Dro'.-.m uO <;;r !y, si] ty 
CLAY and SILT 
SAi-JD - fine', gray 
S i LT - g r a y , s ome f i -n e s 
BEDROCK - -̂ .rav dolc-mite 

i X: t e r b added, gr a y 
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Appendix A.2 Geologic Log of Production VJe 11 PV.'-3, Stauffer 
CiTemical Conipany, Chicago Heights, Illinois. (Data 
from Illinois State Geological S-ur-\/ey files. All 
measurements in feet.) 

PLEISTOCENE SYSTEM Thickness De-oth 

DRIFT and FILL 36 

SILURIAĴ J SYSTEM 

DOLOMITE 

SILTST0:NE 
DOLOMITE 
DOLOMITE 
DOLOMITE 

DOLOMITE 

DOLOMITE 
DOLOVilTE 

- b-roken, slightly che-rty, green 
. ish gray to buff, very fine 

- broken, dolomitic, gray 
- creviced, pink to gray, silty 
- hard, very silty, greenish gr 
- soft, very silty, greenish gr 

gr a-y. shale s t r e ak s 
- som.e cre'vices, ^rav to b-uff, 

fine, dense 
- greenish gray, fine, dense 
- v.'hite to gray, fine, dense 
v.'ater level dropped 12 teet at 
a depth of -291 feet 

ay 
-̂y, 

9 
19 
58 
30 

27 

50 
25 

45 
64 
122 
152 

179 

229 
254 

14( 400 

x i e x a n o r r a n S e r i e s 

KanKai-xee Jrormat jon 

DOLOMi hard, buff, fine to medi-um, 
g] avjconitic , pyritic, slightly 
-V e s i c 'u 1 a r 433 

ORDOVICIAN SYSTEM 

Ed;aev.'ood Foi-miation 

StLTSTONE - d o l o m . i t i c , g r a y 433 
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appendix A. 3 Geologic Log of Production VJell PVJ-2, Stauffer 
Chemical Company, Chicago Freights, Illinois. (Data 
•from Illinois State Geological Survey files. All 
measurements in feet.) 

PLEISTOCENE SYSTEM 

GLACIAL DRIFT(?) 

Thickness Deoth 

36 

SILURIAN SYSTEM 

LIME 
LIME 
LIME 
LIME 
LIME 

b l u e , m e d i u m h a r d 
•t.'.'li i t e , r:-i e d i um h a r d 
b l u e , miedium h a r d 
-i-.'iT i t e 

g r a y , f a i r l y s o f t 

69 
16 
21 
L30 
L65 

98 
114 
135 
265 
430 

ORDOVICIAN SYSTEM 

Ricn:T:o;-|d F o r x i a t i o n , . 

SHi.'̂ .LE 

G a l e n a - P I a tte-'.'-i 1 l e F o ' r m a t i o n 

Lli-iE - v : ; h i t e , h a r d 

S t . P e t e r F o i m n a t i o n 

SAND 
CAVE - . n o c a s i n g n e e d e d 

O n e o t a Foixr ia t j .on 

LI ME - v.-h i t e , I'l a r d 

240 

;35 

120 
25 

150 

670 

1005 

1125 
1150 

.1300 

CAi^iBRIAN SYSTEM 

i r e m : p e a i e a u F o r m a t i o n 

L-iiiE - b l u e g r a y , v e r y h a r d 130 1^30 
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.Appendix A. 3. Geologic Log of Production VJell PVJ-2, Stauffer 
Chemical Comipany, Chicago Heights, Illinois, 
(continued) 

C.A--iBRI.AĴ  SYSTEM (continued) 

F r a n c o n i a F o r m- a t i o n 

Thickness Depth 

SHALE - sandy 
SHJlLE - limey, hard 
SHALE - soft 

105 1535 
9 1594 

21 1615 

Dresbach Formiation 

SA.ND - v.'ith some lime rock 
SAND - Potsdam 

70 1685 
105 1790 

Eau Claire Formation 

SAND and LIME 1797 
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A p p e n d i . x B V J a t e r - L e v e l Ii-if o r m a t i o n , S t a u f f e r C h e m i c a l Comipany, 
C h i c a g o H e i g h t s , I l l i n o i s . ( D e p t h t o v.-^ater i n f e e t 
b e l o w t o p o f c a s i n g a n d e l e v a t i o n i n f e e t a b o v e mean 
s e a l e v e l . ) . 

1-7ELL D 

May 18 t o 2 1 , 1 9 3 1 -A\ ia ] i^ l_5 t o 6 , 19S1_ 

e p t h t o V J a t e r E1 e v a t i q n _ D e p t h t o VJa te r E1 eva t J^on 

i-ii.'J - 1 

rxJ-2A 

]-iI'J-4 

>R-J-5 

i-n:- 7 

MVJ-8 

MVJ-9 

MV7-10 

M\'J-11 

rR'J-12 

PVJ-2^1 

PVJ-3 

PVJ- 4 

3 0 . 0 1 

2 8 . 2 1 

2 5 . 92 

2 3 . 0 3 

1 6 . 3 0 

1 0 . 5 6 

1 2 . 2 5 

1 8 . 73 

2 7 . 5 4 

4 1 . 2 8 

137 

32.58 

''-5.58 

'̂  /̂  — r-

PVJ- 7 

PVJ-8 

PVJ-9 

5 2 . 6 4 

2 9 . 9 1 

1 1 . 9 4 

615.67 

612.45 

614.14 

614.53 

618.78 

52 3.43 

622.02 

618.4^ 

610.69 

'602.16 

607.39 

591.49 

7 

536.57 

621.28 

2 8.68 

26.93 

24.87 

21. 81 

15.95 

11.47 

12. 32 

17.52 

26.65 

39.63 

139 

31.41 

40.52 

34.56 

46. 71 

28.07 

12.00 

617.00 

613.73 

615.19 

615.75 

619.13 

622.52 

621.95 

619.65 

611.58 

603.81 

7 

OUO.JO 

596.55 

7 

592.50 

7 

621.22 

Note: 1) Meesurexient is airline reading in feet, le~ngth of air
line not knov.-n. Sasman and others (1977) reporred a 
v.-ater level ele-.'ation of 133 feet abo-ve msl for this -xell 




